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Absiract

The recently developed F-function of Shaw and Lielmezs, Mak and Lielmezs. and Liu,
Lim and Lielmezs, modified to fit the van Jer Waals type cubic equations of state, has been
used to assess the vapour-iiquid equilibria calculations of binary mixtures over a wide
range of P-T -x—y values.

Sets of cuefficients for use in the binary interaction parameter function £L; = L (T, P, x,)
were determined for 23 representative binary mixtures. The prediction (this work) of the
vapour-liquid equilibria (bubkle point culeniations) of the binary systems considered are
in excellent agreement with the experimei.lai data, and show slight improvement over the

values obtained by means of the original Redlich-Kwong-Soave (RKS) and Peng-
Robinson (PR) eqnations.

LIST OF SYMBOLS

a, b parameters of cubic equation of state
A, B dirrensionless parameters (eqn. (AS))
c coefficient of F-function

e, f, 2. h dimensionless coefficients of eqn. (7)
F F-function

FRKS F-function modification of RKS equation of state
F-RKS FRKS equation with L;-function (eqn. (7))

FPR F-function modification of PR equation of state

F-PR FPR equation with L, -function (eqn: (7))

k; binary interaction parameter for RKS and PR equations
Ly binary interaction parameter for FRKS and FPR equations
K vaporization equilibrium ratio
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N number of data pomts

P pressure

R universal gas constant

T. temperature

x composition of liquid phase
y composition of vapour phase
Z compressibility factor

Q,, Q, constants of eqn. (A1)

¢ fugacity coefficient (eqn. (A12))
Subscripts

c critical state

L, k components of mixture

m mixture

T reduced state
INTRODUCTION

Recently, Liu et al. {1] extended the work of Lielmezs and co-workers
[2.3] by testing the predictive accuracy of the F-function-modified
Redlich-Kwong—-Soave [4] (FRKS, F-RKS) and Peng—Robinson [5] (FPR,
F-PR) equations of state in calculations of P-V-T properties of binary
mixtures. In this work we test the FRKS, F-RKS, FPR and F-PR equations
further by including the vapour—liquid equilibria (bubble point and K
value) calculations of binary systems.

" The iesting was done in two ways: firstly, by means of fixed isothermal
and fixed averaged optimum binary interaction parameters L, independent
of thermodynamic state (FRKS and FPR equations, Tables 1—-4, 6), and
secondly, following Lielmezs [6, 7] work by introducing instead of the fixed
optimum interaction parameter L,, a binary interaction parameter L,-
function of state, L,(7T, P, x;) (Tables 5, 6, F-RKS, F-PR). To do this
testing, experimental data from twenty-nine binary mixtures were selected
from a number of sources (Tables 1-4). These literature data were
considered of sufficient reliability; therefore, no further evaluation of their
accuracy was made. The total set of experimental data was divided into
- three main groups of binary mixtures: paraffinic—paraffinic, CO,—paraffinic

and H,S-paraffinic, and CO,-polar and polar-polar compounds. The
' constants necessary to perform vapour-liquid equilibrium calculations, the
- T., P. and acentric factor « values and the required coefficients of the
F-function for pure compounds, were taken from the work of Liu et al. [1].
The bubble-point pressures (Tables 1-3, 6) and vaporization equilibrium

ratio K values (Figs. 1-3) were obtained follbwing the general! comments of
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calculation methods as given by Reid et al. [8], subjeét to the derived
relations of this work (FRKS, F-RKS, FPR, F-PR) listed in the Appendix.

RESULTS AND DISCUSSION

The F-functions for the FRKS, F-RKS, FPR and F-PR equations were -
determined by methods already outlined by Lielmezs and co-workers [1-3,
6, 7]. Tables 1-3 compare the results of bubble-point pressure and vapour
mole-fraction calculations made by means of fixed isothermal optimum
binary interaction parameter k; and L; values; Table 4 lists the fixed
averaged optimum binary interacticn parameter k; and L, values optimized
with respect to the total number of data points; Table 5 presents the
coefficients of the binary interaction parameter L -function (eqn. (7)) while
Table 6 summarizes the results of bubble point calculations using different
methods. Figures 1-3 compare calculated (F-RKS equation) and ex-
perimental vaporization equilibrium ratio K values taken at several
isotherms for a set of binary mixtures.

The accuracy of the bubble-point pressure and vapour mole-fraction
calculations was determined by means of the relative deviation of pressure
AP (%) and the absolute deviation of vapour mole-fraction Ay, defined as

P..— P, \
AP (%) = 2 l—'——" % 100 (1)
uxr- i
1 .
Ay =Ez chnl - yuxpii X 100 (2)

where V is the number of data points, and subscripts cal and exp represent
calculated and experimental values, respectwely

Following the work of Liu et al. [1], the mixing rules for the FRKS and
FPR equations are given as

- E" S, 3 xx,(bib,FEY 2L, 3)

m i J

For the original RKS and PR equations of state, the conventlonal mlxmg
rules have been used

Am = E Z xxaa;) (1 —ky) | - '(5)

where b, is the same as in ‘eqn. (4).
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Fig. 1. Comparison of calculated (F-RKS) and experimental K values for (left) ethane—#-
pentane at 344.3, 377.6 and 410.9 K [17]; and (right) methane—propanc at 277.6, 310.9, 327.6
and 344.3 K [10].

Fixed binary interaction parameter L valueés

The fixed optimum isothermal binary interaction parameter L, values for
seventy-eight isotherms of the twenty-mne bmary systems were caiculated
from the FRKS and FRP equations by minimizing the objective function SP
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Fig. 2. Companson of calculated (F-RKS) and experimental K values for (left) carben
dioxide—n-hexane at 313,15, 353.15 and 393.15 K [25]; and (r1ghl) acetone—carbon dioxide at
298.15 and 313.15K [31].
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Fig. 3. Comparison of calculated (F-RKS) and experimental K values for (left) methanol—
water at 373.15, 423.15, 473.15 and 523.15K [32]; and (right) ethanol-water at 423.15,
473.15, 523.15, 548.15 and 573.15 K [33].

given as
SR T (R PR (6)
N i chp i 1 i

over the same set of experimental data. The optimum &; values for the
original RKS and PR equations were obtained using the same optimum
search procedure. Tables 1-3 compare all the results. Table T shows the
relative deviations of pressure AP (%) and absolute deviations of vapour
mole-fraction Ay for eleven paraffin—-paraffin compound binary systems.
Table 2 compares the same (AP (%) and Ay) for seven CO,—paraffin and
four H,S—paraffin compound binary mixtures. Table 3 shows the AP (%)
and Ay comparison for seven CO,-polar and polar—polar compound binary
systems. As seen from Tables 1-3 (fixed isothermal L; and k; values) for
paraffin—paraffin, CO,—paraffin and H.S-paraffin compound binary sys-
iems, the original RKS and PR equations of state have a slight edge over
the FRKS and FPR equations. For CO,—polar and polar—polar compound
binary systems, the FRKS and FPR equations show better prediction
patterns than the corresponding RKS and PR equations.

Interaction parameter function Ly(T, P, x;} -

Following Lielmezs [6,7] work, the binary interaction parameter
function Ly (T, P.x;} has been introduced into the FRKS and FPR
equations, yielding the F-RKS and F-PR equations for vapour—llqmd
equilibrium calculations. We write the L, (T, P, x,) function as

L'—elg+f,rx:+guP+huT AR . : . ‘ ‘ ) (7)
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where coefficients e, f;, gy and h; are characteristic dimensicnless [6,7]
constants of the given binary systems.
To satisfy the requirement that L; =1 and L; = L, we set

ey =1, fi=0, gn=0, h; =0

X; (®)
€1 = €ijs Ji==J 8i = B h; = hy

The coefficients ¢, f;, gy and Aj; (eqn. (7)) for use in the F-RKS and IF-PR
equations were determined as follows. First, the optlmum Ly value (eqn.
(7)) for every experimental data point of a given binary system was
calculated by minimizing the objective function SP in conjunction with the
F-RKS and F-PR equations (eqn. (6), i =1). Those experimental data
points which gave sharply fuctuating L, values were discarded, thus
yielding a directional set of L; values for the given binary system. Then,
from this stable set of L, values, values of the coefficients ey, f;, g, and h,,,
again in conjunction with the F-RKS and F-PR equations, were obtained by
means of multi-property linear regression methods, The calculated values
of the coefficients e;, f;, g, and A, (eqn. (7)) for the twenty-three binary
systems are listed in Table 5.

To calculate the bubble-point pressure using the L,,-functnon (egn. (7))
for the F-RKS and F-PR equations, an initial P value is first assumed. For
this initial P, using eqn. (7) an initial L, value can be obtained and
the iteration process started, i.e. when the pressure P value of the first
iteration has been obtained, a new L; value can be calculated from it. The
iterations need to be repeated until a preset convergence limit has been
reached. In this work the limit is

1-Sy|=10" 1B - PP =107
P

Table 6 presents a comparative evaluation of the bubble point
calculations performed by means of the averaged optimum values of the
fixed binary interaction parameters L, and k; (FRKS and FPR, and RKS
and PR equations) and the binary interaction parameter L -function
(F-RKS and F-PR equations).

Table 6 shows that over narrower T and P ranges, the FRKS and FPR
equations (fixed, state-independent binary interaction parameter L, values)
predict vapor-liquid equilibria with reasonable accuracy. For larger T and
P ranges, for instance, CH,—nC:H,s, CH,—nC¢H,,, CH\—nCH,y binaries,
the predictive accuracy of the FRKS and FPR equations decreases.
However, the F-RKS and F-PR equations (state-dependent binary interac-
tion parameter Ly-function, eqn. (7)) predict the vapour-liquid equilibria
‘with high accuracy for all the systems tested. Figures 1-3 confirm further
the predictive superiority of the F-RKS and F-PR equations. These figures
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show vaporization equilibrium ratio K values plotted against the pressure P
at several fixed temperatures. As seen from Figs. 1--3, the F-RKS equation
predicts accurately the vapourization equilibrium ratio K values for a sei of
selected non-polar and polar binary systems up to their critical points.
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APPENDIX

The generalized F-function modification of the two-parameter cubic

equation of state [1-3] can be written as
RT Q, RTbH
P = s o Vi uy xwp L) (A1)

where u and w must satisfy the constaints

w>—u-—1 foru=-2
" |

w > %— foru=-2 (A2)
while

RT;
b =Q, ) (A3)
F(T)=2 ¢, T8 ™= (Ad)

n=l

where 7. is reduced temperature and ¢,(n=1,2,...,m) are empirical
substance-dependent coefficients.
The compressibility factor equation is

Z*+uB —B—1)Z*+ (A + wB2 — uB — uB)Z

—(AB+wB*+wB¥) =0 (AS)

where

Q
A=—

o (A6)

bP
B = RT (A7)
The generalized fugacity coefficients of component k in a mixture is
| Q, F.
1 =— -1) - + —
n b (“ ) Iz = B+ S =

Z(bkﬂ)"z ;xi(biﬁ) 2L

x| b, - 5
2Z + B(u + Vu*— 4w)]
Z + B(u — Vu® — 4w)

The F-function modification of the Redlich—Kwong-Soave equation of

X In

(AB)
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state (FRKS):

=1, w=0
Q. =0.42748
Q. = 0.08664
Z}*—Z2*+(A—-B—-B)»Z-AB=0 (A9)
bk Qa Fm
| =—(Z—-1)— - + —=—
n ¢ b ( 1) —In(Z - B) O, b
Z(bkﬁ:)m $xi(biﬁ)m[am
x , -
b, F
B ‘ .
« + = Al0
ln(l z) (A10)

The F-function modification of the Peng—Robinson equation of state
(FPR):

u=2, w=—1

2, =0.45724

€, = 0.07780

Z*+(B—-1)Z*+(A—-2B—3B*)Z—-(AB—B>*-B%)=0 (A1l)
Q, F,

b .
l“‘b":b_k(z_l)_l"(z_BH_szib

x [bk  2(BeF)! %:f(bfﬁ) Lkr]
Z+B(1+ \/i)]
Nz + B(1 +V2)

x1

(A12)



